This study sought to analyze the effect of three remedial measures, namely, hiring more pathologists, increasing the frequency of clinicopathologic conferences, and stepwise increase in the level of rejection criteria, on the adequacy of laboratory request form completion by clinicians. Based on the findings, recommendations were made that may reduce rejection rate of specimens and facilitate histopathology investigations. Methods: This is a retrospective study covering a period of 7 years (2004)(2005)(2006)(2007)(2008)(2009)(2010). Data were retrieved from histopathology laboratory request forms submitted to three laboratories in Eastern Nigeria. These data were entered in SPSS statistical software and were analyzed using simple linear regression analysis. Results: A total of 8573 completed and submitted forms were analyzed, out of which 74.7% were found to be inadequately completed. The effect of increasing the number of pathologists in the employ on the adequacy of laboratory request form completion was found not to be statistically significant. Similarly, change in the frequency of clinicopathologic conferences was also found not to significantly affect the adequacy of laboratory form completion. However, change in the aggregated level of rejection criteria used by the laboratories was found to significantly affect the clinician's compliance to laboratory request form completion. For every 1 unit increase (or decrease) in the level of rejection criteria used there was, on the average, a 4.7% increase (or decrease) in the proportion of adequately completed laboratory request forms submitted. Conclusion: The findings highlight the need to enforce and implement policies that would possibly enhance compliance with the requirements of laboratory request form completion.
Introduction
Medical laboratory quality has been historically determined by the accuracy of the analytical phase. 1 Laboratory errors are important because laboratory data influence 70% of medical diagnoses and can significantly affect the success and cost of patients' treatment. 2 Various publications have highlighted the significance of laboratory errors in the preand post-analytical phases and their impact on results. 1 Up to 68.2% of laboratory errors occur in the pre-analytical phase, 3 which refers to procedures performed neither in the clinical laboratory nor under the control of laboratory personnel; 4, 5 for example, errors in laboratory request form completion, specimen collection, handling, and transport. 1 For any specimen submitted for pathologic diagnosis, the request form should be completed in full with details of the specimen and the patient's clinical information.
The information given should include the results of related biochemical and radiological investigations if applicable. 6 It suffices to note at this juncture that each laboratory request has its own peculiarity. For instance, submission of gynecologic or breast biopsy specimens must be accompanied, in addition to other information, by the patient's date of last regular menses and contraceptive-use profile. A mystic perversion of this assumption prevails among those clinicians who believe that the pathologists, given only a piece of a patient's tissue, have all the other ingredients necessary to produce a statement of absolute truth at the end of his report. More unsafe to mankind is a pathologist with the same misconception. 7 It is not uncommon to find clinicians and pathologists in the same hospital functioning inefficiently as teammates. More often, these two colleagues communicate by poorly scripted memos that often fall short of sending the required information or eliciting the expected response. Specimens are infrequently received with inadequate demographic details, but clinical details and details of the sender are more often lacking. Continuing medical education (CME) for both clinicians and pathologists is necessary for optimal communication. Education of clinician counterparts is required if pathologists are to manage the demand for the service; 8 hence, the Medical and Dental Council of Nigeria, from 2010, insists on medical doctors acquiring a minimum of 20 units of CME for their annual licensing.
Kaplan assessed the impact of administrative interventions such as clinical presentations, telephone calls, ward visits and informal discussions by medical doctors, strict application of rejection criteria to defective request forms and inappropriate specimens, and distribution of instructive memoranda, illustrating the ideal way laboratory request forms are to be completed. Approximately 16% reduction in the rate of inappropriately completed request forms followed this intervention. 9 Integrated health care networks including electronic communication (eg, email, file transfer) are required to facilitate extensive communication among physicians in the network. 10 The computer can make information processing and management faster, more efficient, more extensive, more interactive, and in some cases, may enable activities that could not be performed manually. 11 Computers used in hospitals must include medical informatics applications that are part of clinical practice. 12 Miller and Sim, affirmed that "systematic quality improvement using electronic medical records (EMRs) will improve quality of care." 13 Fraser and Woodford stated that requesting policies in various specialties and clinical circumstances endorsed by senior clinicians and prestigious professional bodies seems a promising approach to more appropriate laboratory test requesting. They also suggested that redesigning laboratory request forms into a problem-orientated format is the simplest and most effective contribution by the laboratory. 14 Compliance to rules by individuals depends on a number of factors, including age, gender, education, and race. In workplace settings, decisions by workers to comply with or contravene rules are based on perceptions of punishment associated with noncompliance and on perceptions of rewards associated with compliance. 15 Colvin et al and Kobayashi and Kerbo, observed that "whether punishment or reward for compliance is most salient appears to depend on culture rather than gender, age or education." 15, 16 As yet, no study has been done in Nigeria to assess the effect of measures introduced to reduce the proportion of inadequately completed laboratory request forms submitted by clinicians. In this paper, the effect of three interventions on the adequacy of completion of laboratory request forms submitted by clinicians to three histopathology laboratories in Eastern Nigeria is analyzed.
Aims
The objectives of this work were to: 1. Check the level of compliance of clinicians with proper laboratory request form completion and analyze the effect of three remedial measures (namely, hiring more pathologists, increasing the frequency of clinicopathologic conferences (CPCs), and stepwise increase in the level of rejection criteria) on the adequacy of laboratory request form completion. 2. Make recommendations based on the findings that may reduce rejection rate of specimens and facilitate histopathology investigations. neighboring states. These three laboratories are accredited by the appropriate state agency, the Department of Hospital Services. The histopathology laboratory request forms in use in these three laboratories have similar design. The omissions in laboratory request forms were broadly grouped into four categories which include (1) inadequate information on patient's biodata, (2) inadequate information on specimen submitted, (3) inadequate clinical summary, and (4) a combination of two or more of the omissions listed above (see Table 1 ). The omissions in the inadequately completed forms were retrieved from notes made on the forms to the requesting clinicians by the histopathology registrars before the forms were corrected and returned for eventual laboratory investigation. Sources of the completed laboratory request forms, whether they were from private or public health care centers, were also recorded. From 2005, two interventions were introduced in a graded manner to improve the compliance of clinicians to proper laboratory request form completion (see Table 2 ). These interventions were (1) increasing the number of pathologists in service and (2) increasing the frequency of CPCs. These were followed in 2006 by a third intervention: stepwise increase in the level of rejection criteria used by the laboratories. The level of rejection criteria used each year was jointly agreed upon by the pathologists working in these three laboratories and ranged from 1 to 4 (see Table 3 ). The data were collected and analyzed with SPSS Statistics (IBM Corporation, Somers, NY) software. The resultant effect of these interventions on the adequacy of laboratory request form completion was estimated using simple linear regression analysis.
Materials and methods
All histopathology request forms submitted and seen by the registrar were included in the study. Nonhistopathology laboratory request forms were excluded from the study. Histopathology forms which were seen and recorded earlier and returned by clinicians after correction (that is repeated forms) were also excluded.
Results
A 7-year retrospective study was carried out on the laboratory request forms submitted to three histopathology laboratories. A total of 8573 laboratory forms were studied, out of which 6401 (74.7%) were found to be inadequately completed, ie, lacking in one or more type of information needed for proper pathologic diagnosis (see Table 4 ). Of the 6401 inadequately completed forms, 7.2% were lacking in some aspect of the patients' biodata (such as full names, age and gender), 18.3% had incomplete information about the specimen submitted, 33.3% lacked relevant information on patients' clinical summary (such as information on clinical history or physical examination or findings during surgical operation) and 41.2% had a combination of two or more of the omissions listed in Table 1 (see Table 5 ).
Of the inadequately completed laboratory request forms, 51% and 49% were sent from private and public hospitals respectively (not shown in the tables). There was therefore no statistically significant difference between the compliance of doctors working in private and those in public hospitals.
As can be seen from Table 4 , over the 7-year period, the proportion of properly completed forms rose steadily from 17.3% in 2004 to 29.5% in 2010. However, there was a decline in 2007, with reduction in proportion to 16.4% from 19.0% seen in 2006. This was probably caused by new medical doctors (ie, fresh users of these laboratories) who even though they may have become aware of the availability of histopathology services in these laboratories, may not have been familiar with the strict requirements in place for such laboratory requesting. This is evidenced by the 66% increase in 2007 from the 721 histopathology requests received by the laboratories in 2006. In 2008, the percentage of properly completed forms remarkably rose to 30.6% and then became fairly stable in the years that followed. This is probably due to those new medical doctors gradually becoming accustomed to the requirements of the histopathology laboratories.
Regression analysis using the data of Table 2 showed that increasing the number of pathologists had no significant effect on the adequacy of request form completion (regression effect b = 0.037; t-value = 1.94; P-value = 0.1100). Similarly, increasing the frequency of CPCs was found not to have a significant effect on the proportion of adequately completed laboratory forms (regression effect b = 0.031; t-value = 1.938; P-value = 0.0571). However, changes in the level of rejection criteria implemented by the laboratories had a highly significant effect on the proportion of adequately completed laboratory request forms (regression effect b = 0.047; t-value = 4.273; P-value = 0.0032). In this case, the fitted regression line is p i  = 0.121 + 0.047.X i3 . where p i is the proportion of laboratory forms adequately completed, and X i3 is the level of rejection criteria used in year i, i = 1, 2, ... 7. The fitted regression line shows that there exists a significant linear relationship between the adequacy of laboratory request form completion by clinicians and the level of rejection criteria used. With a regression coefficient estimated as 0.047, we can infer that every 1 unit increase (or decrease) in the level of rejection criteria applied would on the average result in a 4.7% increase (or decrease) in the proportion of adequately completed laboratory request forms. The coefficient of determination, R 2 , is 0.727. This means that the fitted regression model accounts for about 72.7% of the total variation in the proportion of the properly completed laboratory request forms, indicating a good fit.
Discussion
Submission to medical laboratories of inadequately completed laboratory request forms by clinicians adversely affects utilization of the laboratory and the benefits expected to be derived from medical laboratory services.
As shown above, 74.7% of the forms submitted to the laboratories were inadequately completed. This is supported by findings of Plebani and Carraro who stated that 68.2% of errors are rooted in the pre-analytical phase. 3 Of the inadequately completed forms, 7.2% were lacking information on either full names, age, gender of patients, or a combination of these, 18.3% had incomplete information on the specimens submitted for investigation, 33.3% lacked relevant information on clinical summary, and 41.2% had a combination of two or more of the omissions listed above. Thus, the present results seem to support the observation by Burton and Stephenson that specimens are infrequently received with inadequate demographic details, but clinical details and details of the sender are more often lacking. 8 To perform intelligently, a consultant must know all the facts that have any bearing on a case. It is unwise to render a diagnosis on a piece of puzzling tissue with only vague knowledge of its source and no conception of the clinical problem. 17 Providing better clinical information will help the pathologist produce an improved interpretative report and include comments with a beneficial effect on diagnosis and treatment. 9 There exists limitation to measuring and improving laboratory-related patient outcomes if the survey is only focused on analytical errors. 18 Researchers have suggested different intervention strategies to improve the adequacy of laboratory request form completion. 9, 14 Kaplan claimed that team interaction is expected to improve adequacy of form completion. 9 However, empirical evidence from the present data does not support this claim and shows that increasing the number of pathologists has no significant effect on the clinicians' compliance to proper form completion, probably because of lack of effective contact and insufficient professional interactions between the clinicians and the pathologists. Moreover, the pathologists that serve the two private histopathology l aboratories worked on a part-time basis; as such, they may not have always been available to adequately interact with the clinicians who utilized their services. Also, increasing the frequency of CPCs did not show any statistically significant change in the proportion of adequately completed laboratory request forms, probably because the doctors had low attendance and lack of effective contact even by those who attend. If attendance to the conferences were mandatory, the expected result may have been achieved. Another probable cause for the lack of significant effect of CPCs is that they were organized in the University Teaching Hospital, hence the medical doctors in the peripheral private and public hospitals may either not be aware of the schedule or may find the timing unsuitable and therefore will not attend. Results differ from the observations in the United Kingdom and Jordan, by Burton and Stephenson 8 and Kaplan, 9 respectively, who observed the positive effects of clinical conferences and CMEs.
Human behaviors are maintained, changed, or shaped by the consequences of the behavior. 19 In agreement with the latter, rejection of improperly completed laboratory request forms positively affected the subsequent compliance to proper laboratory request form completion by clinicians. The present analysis showed that for every one unit increase (or decrease) in the level of rejection criteria implemented, there was a corresponding 4.7% increase (or decrease) in clinicians' compliance to proper form completion.
Mather et al emphasized the positive effect of education and skill acquisition on behavior. 19 Despite the education and skill of clinicians studied here, the compliance to proper laboratory request form completion was still low. This would seem to suggest that the curriculum in the formal education of medical doctors may not be sufficient and may indicate the need for curriculum restructuring and more informal education. The finding that the effect of implementation of rejection criteria is significant rather than that of baseline education of clinicians seems to reinforce the findings by Colvin et al and Kobayashi and Kerbo who observed that "whether punishment or reward for compliance is most salient appears to depend on culture rather than gender, age or education." 15, 16 However, it may be instructive that future research be conducted for the purpose of assessing the required minimum level of education and training that will enable clinicians to do proper laboratory requesting.
Good insight on error-prone steps in the laboratory process is essential to achieving error reduction; hence, in addition to maintaining quality standards within the laboratory, it is imperative to go outside the laboratory to identify the common errors made in laboratory processes and to reorganize the activity of the wards. 20 Policy interventions geared toward improving the effectiveness of data exchange among health care providers must be encouraged and supported towards achieving more efficient, faster, and cost-effective health care.
Conclusion
Inadequate completion of laboratory request forms by clinicians, a pre-analytic phase error, was found to be exceedingly high in the present study.
Strict implementation of rejection criteria by laboratories was found to be significantly effective in improving adequacy of laboratory request form completion. Adherence to rejection 
